Upon primary immunization, antigenspecific T cells proliferate, generating a large number of effector cells that migrate to peripheral tissues to fight pathogens. Some of these primed T cells develop into memory cells, which confer immediate protection as well as the capacity to mount a more rapid and effective secondary immune response. Understanding the multiple facets of immunological memory and its relationship to protection remains a central issue in immunology (1, 2) .
Memory T cells have been traditionally viewed as survivors of effector cells that revert to a quiescent state ( Figure  1a ). However, memory T cells have been shown to be heterogenous and to comprise at least two subsets, endowed with different migratory capacity and effector function (3) (4) (5) . Cells of the first subset resemble the effector cells generated in the primary response in that they lack the lymph node-homing receptors L-selectin and CCR7 and express receptors for migration into inflamed tissues. Upon re-encounter with antigen, these "effector memory T cells" (T EM ) can rapidly produce IFN-γ or IL-4 or release prestored perforin. Cells of the second subset express L-selectin and CCR7 as naive T cells and lack immediate effector function. These "central memory T cells" (T CM ) have a low activation threshold and, upon restimulation in secondary lymphoid organs, proliferate and differentiate to effectors (6) .
An outstanding question with broad basic and practical implication relates to the signals that drive the formation of the two types of memory T cells. In this issue of the JCI, Manjunath et al. show that cytokines can modulate the differentiation of CD8 + T cells (7) . Taking advantage of an earlier serendipitous discovery -that a green fluorescent protein reporter gene (T-GFP) is expressed in naive and short-term activated T cells is silent in terminally differentiated effector cells (8) -the authors have defined conditions for the expansion of almost pure populations of T CM or T EM (7) . In these transgenic mice GFP expression can be conveniently used to monitor T cell differentiation. Now, Manjunath et al. have generated naive T cells from T-GFP mice carrying a class I-restricted T cell receptor (TCR) that recognizes a specific viral peptide (7). They stimulated these cells in vitro with antigen for 2 days and expanded them in the presence of different cytokines. When cultured in high doses of IL-2 (CD8 IL-2 ), the cells become large blasts, express high levels of activation markers, lose expression of GFP and the chemokine receptor CCR7, and acquire the capacity to produce IFN-γ and to kill target cells. In contrast, the same cells cultured in the presence of IL-15 (CD8 IL-15 ), or of low doses of IL-2, become small, retain GFP and CCR7 expression, and fail to acquire cytotoxic function, although they acquire IFN-γ-producing capacity. Importantly, after adoptive transfer, CD8 IL-15 cells survive for several weeks and, upon antigen rechallenge, mount a secondary response that is comparable to that mediated by endogenously generated memory cells.
The migratory properties of CD8 IL-2 and CD8 IL-5 are described in an elegant study by the same group, now in press in The Journal of Experimental Medicine (9 Studies on CD4 + T cells have previously supported the model of progressive T cell differentiation shown in Figure 1b (10) . For CD4 + T cells the differentiation process is controlled by the interplay between duration of TCR stimulation and cytokines. Thus, while a prolonged TCR stimulation in the presence of IL-12 or IL-4 promotes terminal differentiation to effector Th1 or Th2 cells respectively, a short TCR stimulation and TGF-β preserve the cells in a central memory-like stage (6, (11) (12) (13) . Thus, the above studies, together with that of Manjunath et al. (7), point to the same conclusion, namely that for both CD4 + and CD8 + T cells terminal differentiation is not a necessary consequence of T cell activation. The generation of intermediates that persist as central memory cells provides the immune system with a strategic reserve of highly sensitive cells that can be rapidly recruited in secondary immune responses to generate large numbers of potent effector cells.
In light of these findings, it will be important to learn whether cytokines and TCR stimulation have the same relative importance in vivo as in this cell culture model. In vivo, access of T cells to antigen-carrying dendritic cells is a stochastic and competitive process, and dendritic cell numbers can vary widely during T cell priming (13, 14) . Furthermore, IL-2 is produced only by antigen-stimulated T cells and is therefore strictly dependent on sustained antigenic stimulation, whereas IL-15 is constitutively produced by stromal cells. Thus, while under defined culture conditions, such as those used by Manjunath et al. (7), highly homogenous populations can be obtained, it is inevitable that in vivo the antigen-specific proliferating T cells will receive different levels of stimulation and will consequently generate both effector cells and intermediates. We have recently found that in humans most expanded memory T cell clones comprise both effector memory and central memory cells (F. Sallusto, unpublished results), indicating that the heterogeneity generated in the primary response is transferred into the memory pool and raising questions concerning the homeostatic mechanisms responsible for their long-term maintenance (15) .
The capacity to generate virtually pure populations of effector memory and central memory cells and to track them using GFP should help resolve long-standing questions such as the role of persisting antigen and the relationship between memory and protection under different experimental and pathological conditions. These findings have practical implications, too, since they pave the way to the selective reconstitution of memory T cell pools for adoptive immunotherapy.
